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AUTHOR: Gurevich, vy. L. 
PITLE: The Skin Effect and Ferromagnetic Resonance (skin-effekt ji ferro- 


magnitnyy rezonans 


PERIODICAL: gnumal Eksperimental' noy i weoreticheSkoy fiziki, 4957, Vol. 33, 
Nr 6 (12), PP 4497 - 1504 (ussR) 


ABSTRACT? The present paper jnvestigates the nomaal and the abnornal gkin 
effect in ferromagnetic metals in the case of ferromagnetic reso- 
nance e Ferromagnetic resonance absorption occurs if the frequency 
of the electromagnetic field {mpinging upon the surface of the fer- 

romagneticum 4g near the cigenfrequencoy of the precession of the 
vector M of magnetization around the direction of the magnetic 
field H. This phenomenon can be described py the equation of the 
motion of the vector Kin a certain effective magnetic field. The 
significance of the jndividual terms of this equation is discussed 
in short. In ferromagnetic metals there exists another meciam sa 
which leads to a finite width of the resonance line. This nechaniso 
is of importance if the magnetization i in the skin layer is high- 
ly jnhomogeneous- In pure metals the effects connected with the 
widening of resonance lines due to exchange are most narked at low 
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56-6-27/41 
the Skin Effect and Ferromagnetic Resonance 
he skin layer grows » At a sufficiently low 


1 theory of the sxin effect may become in- 
{so daals with eranoma~ 


the magnetic moment in t 


temperature the classica 
applicable. Merefore, the present paper a 
lous skin effect, not taking account, however, of the part played 


by the exchange effoot. the author here proceeds from the Maxwell 
ad from the kinetic equation for the condnotion elec- 
trons in metal. As & poundary condition the weflection-coefficient 
q of the electrons on the surface of the metal is given. The solu- 
tion of this equation is followed step py step. In this way also 
the computation of surface impedance ig made possible. The reso- 
nance Z depends on the magnetic field a in resonanc e-like manner. 
The exchange effects are able to play & %oticeable role only near 
resonances Next, the porder case of the ultra-anomalous skin effact 
ig dealt with. The surface impedances in this case do not depend 
on the free path a of the electrons. zy depends in 4 non-resonance- 
-like manner on the magnetic field strength. 
pases of this paper ere once more discussed: There are 


5 of which are Slavic. 
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skin-efrekt V ferromagnet ikakh ) 2 


t 
PRRLODICAL! Zhurnal teknnicheskoy fiziki Vol 28, Nr Mm, pp 2452-2554 (USSR ) 


ABSTRACT? Thig is an jnvestigation of the anome ious akin-effect in ferro- 
magnetic resonance. The complete system of equations specitying 
this problem consists of 4 system or Maxwell's equations, of a 
kinetic equation for tt 3 n electrons, and of the equa- 

tion of motion of Landa ‘shi ’ ctor of magneti.228- 
tion (Ref 2, formulae (1a)> ; 4)). The third sum- 
mand in the right part of equation is 2 phenomenological 
term describing the attenuation processes. These processes are 
the cause for the finite width of the pesonance line. The gecond 
summand in (3) represents the eftective field of the interaction 
forces which are caused by the heterogeneity Moin tne skin 
layer. For reasons of simplicity the effective field of magnetic 
anisotropy Was not jncorvorated in formule (3). These formulae 
yield formula (4). This equation 7S to be solved in compliance 

Cara 1/3 witn the boundary conditions present ea in the paper cited by 
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reference 4. This paper presents a study of a special case, 
where the field connected with the heterogeneity M can be 
aliminatea from formula (4). The tax describing tha dispernion 
of the electrons is considered to be anisotropic. This study is 
limited to the case wt <<}, thus the formula (7} resulting. The 
deduction of this formula is based upon the assumption of a 
specular reflection of tne electrons from the metal surface. 

w denotes the frequency and 7 the relaxation time. In experi- 
ments dealing with ferromagnetic resonance the frequency wy or- 
dinarily remains constant, whereas the field He and hence also 


its functions w , and Wo vary. In this transition from tne 
resonance (W = o,) to tne antiresonance case (Q = Wy) the 


onantity |v] may vary through two or even more orders of magni- 
tude, & - formula (6). This offers a possibility of varying 
only the field H_, while keeping the temperature constant, and 
of observing the normal as well as the anomalous skin-effect. 
B. (a. Moyzhes discussed the work with tne author. There are 

4 references, 1 of which is Soviet. 
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PEALOD LOL vt 


mer (Zondkheyner ) (Ref 1) investigated 


the dependence of the conductivity oscillations of metallic 
fiims on the size oi the magnetic field which ig vertical to 
the metal surface. For tnese (sheoretical) investigations it 
haa oeen assumed that the dispersion of electron energy i8 
isotropic. In the present paper it is assumed that the dis- 
persion law of the electron energy is 8 random one, and that 
also the field airection h is ranaom (but not parallel to the 
metal surface) + Measurement of the ampiitudes ana periods in 
the case of different orientations of mn makes it possible to 
éraw conclusions with respect to the shape of the Fermi surface 
in the metal. Two types of oscillations #re investigated: the 
first depends on Py» where Pp, ” (po igs tne maximum vaiue of 
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be equal to pa JO2 = Ye /e,, (ef. Krivoglaz and Pekar) For 
1 t of oo 


number of substances this ratio is greater than 2 (T1Cl, 
T1Br, PbS, LiF, et al). It is briefly shown that if these 
conditiona are satisfied, the thermal conductivity of the 
longitudinal optical phonons can play such a part that at 
Ane 
high temperatures (T?T, = 
at eea/5 “2 

not proportional to T or T , but to T . Finally the 
authors thank A. I. Ansel'm and L. D. Landau for their dis- 
cussions and advice. Pomeranchuk is mentioned in the text. 
There are 1 figure and 4 references, 2 of which are Soviet. 
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H with respect to the wave yeotor Kj the magnitude of T is 
evaluated according to the order of magnitude. Also. the. asymp~ 
totic behavior of T in strong magnetic. fields is inveatigated 
for the oase in which the electron orbits are. considerably 
smaller than the sound wave lengtha and in. which. the funotion 
T (H) develops monotonely. It is first stated. that T' may 
experience two types of periodic variation with. reapeact to 
1/H, viae osoillation and increments (pericdic. changes of a 
given dig which dommanca partadinally).« For the parpose of 
aatablishing the electron diatyibution runatias 18 tha sautd 
field, the frequency condition of Lifshits, Azhel. and Xagano¥ 
(Ref 7) ie used. The osdillatiomor T! ara to ba obaarved in 
the case of arbitrary mutual orientation of k and H, which 
because then. tne periodic.. oc- 


ig especially easy if kt #, 
currence of the increment is lacking. Finally,.-the simple 


case is investigated in which the Ferni aurface has.a sym- 
metry oenter. In the following, the quantitative part of the 
theory is dealt with, at first in a gonoral manne, and then 
for the case in which k LW. An approximated expression is 
deduced fox the non-oscillating part of T , and the f{norement 
of T’ io specially investigated. The periodic part of T may 
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be represented for an arbitrary form of the collision opera~ : 
tor. An experimental investigation of the increments makes 

it possible to determine the Gaussian curvature of the Fermi 
surface in all its elliptical points; an investigation of the 
oscillations permits a complete reconstruction of the Ferni 
surface if the latter has a symmetry center. he author final- 
ly thanks Academician L. D. Landau for discussions and 
valuable remarks. There are 4 figure and 11 references, 

6 of which are Soviet. 
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AUTHOR: “gurevich, Vi bisw. 


TITLE: Absorption of Ultrasound in Metals in a Magnet.Le Ficld. 

Ir 

PERIODICAL: Zhurnal eksperimental 'noy L teoreticheskoy ri2dikel, 1959, 
Yol 37, Nr 6, PP 1680-1691 (USSR) 

The first part of this work was presented by the author 

e of this journal (cf., 375 71, 1959). 

sis was made of the absorp- 

a metal located in 4 strong 

r radius of the conduc- 


n the wave length 
Various limiting cases corresponding ive) 
various relationships between these two lengths and the 
th were considered. The aosorption coeffi- 
cient was aerived by a 5 3 solution of the 
kinetic equation and the Tt was 
found that there are two absorption 
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magnetic field. One of these, a derormat ion mechanism, 
leads to absorption also in the absence of a magnetic 
field. The absorption coefficient in this case can be 
expressed in terms of the deformation potential, i.é@., 

in terms of functions which determine the change in the 
electron energy caused by the deformation. At experi- 
mentally attainable ultrasonic frequencies and in a strong 
magnetic field, this relation was found to be quite simple 
in a number of cases. The magnitude of the deformation 
potential can be estimated with satisfactory accuracy 


on the basis of the absorption data. Tne induction 
absorption was found to be due to electric fields which 


are formed when y the sound 
wave crosses the magnetic force lines. Absorption 
was determined by the Joule 
currents due to these fields. The induction absorption 
coefficient can pe expressed in terms of certain combina- 


tions of the conductivity tensor eomponents with com- 
tial dispersion and che 


pensation for their time and spa 
dependence on H. Equations were obtained for the asympto- 
tic value of the conductivity tensor in a strong magnetic 


APPROVED FO : 
R RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017 
-3" 


"APPROVED FOR RELEASE: 0 


3/20/2001 CIA-RDP86-00513R000617420017-3 


2 a Ss SR SNE Sey ey - v een AY 


Absowption of Ultrasound in Metals 76983 
in a Magnetic Field. II SOV /56-37-5- 
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SUBMITTED: 


field with compensation for spatial dispersions. The 
peculiarities of the deformation mechanism of absorption 
were as follows: (1) the weak dependence of the absorp- 
tion coefficient on the direction of the sound polariza- 
tion; (2) the absorption coefficient in a strong magnetic 
field reaching saturation; (3) the coefficient being 
proportional either to the second or the first power of 
the frequency (and in the latter case it is independent 
of temperature). The expression fcr the ultrasonic 
absorption coefficient can readily be adapted to the case 
where G t o> 1. However, the ultrasonic frequencies of 


this magnitude at the present time are experimentally 
unattainable. L. D. Landau participated in the discussicn 
of this work. There are 8 references, 6 Soviet, 2 U.S. 
The U.S. references are: S. Rodrigues, Phys. Rev. lle, 

80, 1958; D. H. Reneker. Phys. Rev. Lett. 1, 47, 1958. 


Inst. Semiconductors Acad. Sciences USSR (Institut polu- 
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PEXT: A study has been made of the effect of jinelasticity of electron 
kinetic phenomena in a gemiconductor in a strong magnetic A 


‘ scattering on 

field. A strong field is suc diagonal tensor component of tha 

' transversal conductivity is with the off-diagonal component 
The authors have restricted their studies to the Boltzmann 


gidering two oharacteristic oases} 1) The little 
results in @ small effect 
» when considere- 


statistics and are con 
inelastic scattering by acoustic phonons which 
. only; and 2) scattering py polarized optical oscillations 


tion of inelasticity has an influence on all ¢ 


haracteristic relations. The 
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authors proceed from a formula py Kubo (Ref. 3) which expresses 0,, in terms 


of velocity operators of the center of mass of the Landau oscillator, i.€+, 
in terms of a Green function for an electron in & magnetic field. This 
method permits very general calculations, e+ &-» to consider Coulomb inter- 

action of electrons. The range of strong fields has a classical range, 

where a = fASe/2kT $1 (GQis the Larmor frequency and T is the temperature), 

and a quantum ranges where wa Zt. The quantum theory is applied in both 
‘ panges. A formula is first derived where conductivity is expressed in terms 
of an integral of the retarded two-particle Green funotion for the electron 
system in a magnetic field; that is in Born approximation with respect to 
electron interaction with scatterers. The formule is investigated for 4 
case where electrons obey the Boltzmann statistics, and where their mutual 
Coulomb interaction is negligible. Results obtained by Kubo's formula for 
the classical range of the field strength are compared with values calculated 
with the help of the equation of motion. It is found that, practically, an 
equation of motion can be used over the total classical range with a col- 
lision operator independent of the magnetic field strength, The authors also 
present a solution of the equation of motion in the magnetic field for 
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s at low temperatures. 
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in the classical range 


ing by optical phonon 
(H) was found to cons 
The quantum corrections to O,, 
+ these can oscillate in the 

ays pass through a maximum if 


OY Wy of. the optical oscillations amounts to & multiple 


| of the Larmor frequency. These oscillations differ from ull other known 
types of oscillations of statistical conductivity because they appear 
when applying the Boltzmann statistics. When soattering by acoustic and 
optical phonons for the case (H) functions were 


S24,» was considered, 9,, H 
found in the quantum region which agreed with those found by Adams and 
Holstein after excluding the 


logarithmic factors. For the case w, 9 $2 a non- , 
Like in the classical region 6,, Ds 


electron scatter 
the function yy 


with a steep slope. 
calculated. It was found tha 
y optical phonons and alw 
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s of the conductivity, predicted by theory, which 

due to electron scattering on optical phonons, 

might be observed in germanium-type atomic semiconductors. The authors 

thank A. I. Ansel'm for discussions; B. I, Davydov, I. i. Shmushkevich, 

M. Ae Krivoglaz, 5. I. Pekar, A. I. Larkin, Yu. B. Kumer, vy, L. Bonch- 

! Bruyevich, A. G, Mironov, V. G. Skobov, 0. Vv. Konstantinov, VY. I. Perel! 

and M. I. Klinger are mentioned. There are 14 references? 10 Soviet-bloc 


and 4 non-Soviet-bloc. 
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AUTHORS : Gurevich, Vs Les Skobov, V- &-» Firsov, Yue A. 

TITLEs Giant quantum oscillations of sound absorption by metals in 
a magnetic field 

PERIODICAL: Zhurnal ekaperimental 'noy 4 teoreticheskoy fiziki, v- 40, 


no. 3, 1961, 786-791 
mperature sound 


TEXT: A theoretioal atudy haa been made of low-te 
Suppou lig that KLLPKT r 


absorption by metale placed ina magnetic field. 

(2 - Larmor frequency of electrons), that the mean free path of oonduc- 
tion electrons 4g very large compared to the sonic wavelength, and that : 
the latter is to the Larnor radius of conduction electrons, 
sound absorptio ded as 8 direct absorption of phonons by 

metal electrons. In the absence 0 jeld, those electrons will 
play the principal role in absorption, onent V in the 


direction of the wave v y% of sound waves ig equal to the phase 
velocity *, of sound. dy been gtudied by A.I-Akhiy ezer, 


ector 
This case has alrea 
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M. I. Kaganov, and Gc. Ya. Lyubarskiy (ZhETF, 325 837s 1957), and the 
present authors adopted a similar procedure» For the sake of simplicity; 
an isotropic quadratic dispersion law is assumed to nold for elec*rons} 
go, the electron energy in the magnetic field is given by &, = RQ (n+1/2) 


+ p_/2a, where n indicates the oscillator quantum number according to 
Landau, 52 ” oH/mo the Larmor frequency, Mt the effective mass, and Py the 


ae of the quasi-momentum on the direction of the field 
= geaxis). Taking into account the theorems of conservation of energy 
ane, quasi-momentum, and £1 (p,q) s £12 ) + Rv ye,, one obtains the 


condition {(n'-n) + ¥)%= Vy (5). If the magnetic field is strong 
enough and, thus, {2>%,%p (vp - Fermi velocity), then condition (5) will 


be satisfied only with n = n', Then, the quasi-momentum of electrons 
participating in sound absorption is equal to Pr” nw, ,/ cos ap, wnere 


> 


symbolizes the angle between the vectors and fi. However, if Sve: 


then those electrons will make the greatest contribution to sound 
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absorption, for which p_& Pp: On the other hand, only those electrons 
z °F 


participate in absorption, the energies of which belong to a blurred 
Ferni distribution. The quasi-momenta corresponding +o these energies are: 


ehown in the attached figure. €,(P,) are parabolas cutting the band of) =| 


width kT. Ite center line forma the level of the ohemioal potential {JA 
The band width is smaller than the distance between the paravolan,s in : 
accordance with the condition AKNdkT. The projections of the sections on | 
the abscissa indicate the intervals of allowed and forbidden Pp, values. i 


F' Their 
position depends on i. If i js such that Py is in the interval of allowed; 


i 
i 


The width of the intervals diminishes as one approaches P 


1 
i 
i 


P, values, 3 particularly strong sound absorption will occur. The 


occurrence of giant oscillations of the coefficient of sound absorption is : 
determined by the condition § ph LL» kT. This case is now jnvestigated in 
greater d@etail. The contribution to absorption by transverse electric 
fields produced by deformation of the conductor by sound waves i8 
neglected, and elastic electron scattering is assumed. 
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nw ihe —" 
te ae Le 4a]U [a’y 18 (@aar + ®)- . (14) 


is obtained for the coefficient of sound absorption. Here, g is the 
density of the crystal, U, the sound-wave amplitude, W the group velocity 


of sound, V, the volume of sound, <alula'> a matrix element of the 
operator U (U = Asis" *? bake We = amplitude of the deformation tensor in 


t 


the sound wave} Ayy . tensor related to the quasi-momentum) 5 the subscripts 


a and a’ indicate the state, of the free electron in the magnetio field; 


Fwy! = ey Eyre In the simplest cas¢é where the components of Ayy are con-. 
stant, the electron spectrum is quadratie and isotropics and je and H are 
rallel, one h x ws 

parallel, as P=legr oa > {4p08(= + on w)Xx 


R, 8g 
a 14s) — —-p* 
xen" AQ (n+ 4s) Pofel ate, 
2. 


(16) | 
2 3.3. 
where Po is the Bohr magneton. i 2 mlAs Pa! Janke gn ew) 4s the 


Card 4/% cs. 


Eaves 


APPROVED : 
FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3" 


"AFPROVED FOR 
- jpamusbnaae 03/20/2001 CIA-RDP86- pos tehnovel 7Az00 
00 17-3 


AGES 
xh “ll: Fi Hy 12 BVI Es italia SU Ed SISTENT TE ERETE ee 


soso /o4/ 03/08/05 
Ciant quantum oscillations.->- B102/B205 


coefficient of sound ae at H = 0. Integration with respect to p, 


t t pew 


TeEO<kT and summation is performed over n, one obtains 


T = (Ty /2) a . Finally, the experimentally interesting 
n? (y-§/2kT) 


case We /2m€v3 wey o discussed. Here, the 6-function can be replaced 


vy o/x(¥ + Grp, Taye) , and vy proceeding to the dimensionless | integration 
variable y one obtains ~ 
ie paleAt\ aya ee va Dt sch (7) | 2) . 


y = p,(2akt)” 1/2, 3 couni/a) 2x14 Ap - [F- Rtas + d)-9o s/t In the 


case of giant oscillation, the ratio Saucer the maxi 7th a the minimum 


SO aeaea coefficients is given by Th ls enroce 1(2.2/f) £.0./"t >1 (25) +" 


It is noted that classicel computations are only possible if : RQLKTS if 
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AUTHORS: Firgov, Yu. A., Gurevich, VY. L. 
TITLE : Theory of the electrical conductivity of semiconductors in 
a magnetic field. II 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, ve 41, 
no. 2, 1961, 512-523 ; 


199, 1961) V. L. Gurevich and Yu. A. Firsov 


mext: In (Ref. 1: ZhETF, 40, 
of 


obtained an expression for the diagonal elements of the tensor (o,. 
transverse conductivity in semiconductors located in a strong magnetic 
field. Electron interaction was neglected. The present paper deals with 
the influence of this interaction on the conductivity for the case of an 
jsotropio and quadratic electron spectrum. For systems with eleatron- 
electron interaction, 9, will be equal to zero, but it will differ from 


zero if there are interactions with other scatterers, e.g.) phonons. 
The electron energy is calculated by quantum-mechanical methods and 
specialized for the case of Boltzmann statistics and a quadratic and 
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isotropic spectrum. Electron-phonon interaction and consequently, 
scattering probability are found to increase abruptly if the phonon “ 
frequency is close to the eigenfrequency of the electron system. The TS 


authors construct precise theory, based on Kubo's formula for ane 


(Ref. 4, gee below) and ae is expanded in a power series of the 
electron-phonon interaction. An exact formula is derived for OL? and 


some graphs are discussed. The expression is examined for the case where 
the electrons obey a Boltzmann statistics and their scattering can be 
described in the Born approximation. As an example, the amplitude height 
of resonance conductivity oscillations is computed. A. I. Larkin 

(ZhETF, 37, 264, 1959), 0. V. Konstantinov, V. I. Perel! (ZhETF, 39, 197; 
1960), M. Born, Huang K'un (Dinamicheskaya teoriya kristallicheskikh 
reshetok ~ Dynamic theory of crystal lattices, IIL, 1958, chapter II, § 8) 
are mentioned. There are 1 figure and 11 references: 7 Soviet and 

4 non-Soviet. The three most important references to English~language 
publications read as follows: Ref. 4: R. Kubo, J. Phys. Soc., Japan, 42, 
570, 19573 Ref. 8: E. N. Adams, T. D. Holstein, J. Phys. Chem. Solids, 
40, 254, 1959; Ref. 2: S. Doniach, Proc. Phys. Soc., 73, 849, 1959. 
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Text: The transverse diffusion coefficient 


donized plasma is determin 
parameter is assumed to pe small, 
strong, and the Larmor frequency ° 
than their collision frequency - 
sereening of the electron-ion interaction, 
and the inelastic scattering 0o 
The corrections 
netic field on @ 
where the Debye ra 
put larger than the 
affects the collision 
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electronic conductivity One in the x-direction can be expanded in & 
sories of 1 /Se (Se denotes the Larmor frequency, m the eleotron relaxa- 
tion time). ene is calculated by the graph technique of 0. V- 4 


_ Konstantinov and Vs Is. Perel’ (Rofs. 2 and 3: ZhETF, 399 197 1960), 
which is describod here again. A formula for the overall contribution 
to the conductivity obtained by caloulating the normalized oleatron- 


: : : ea . 
electron interaction 18 presented. The general expression for ee is 


given by eres: ees Svat tees 
Di. = aes (ar seat) | Momento ™ 
= Inetin Vie" (RT)" 2°) F, (33) 
Le Ala g = Vee? Re (o) Re Palo 
B (w,') = *°q" {im PZ (a) + im Py) (35) 
Card 2/5 


APPROVED FOR RELEASE: 03/20/2001 


CIA-RDP86-00513R000617420017-3" 


7BPPROVED FOR RELEASE: 03/20/2001 CIA-RDP86- Dont ROON et 7 F2008 7 3 


HUE te es 2h He at Hai Aiea Rete eid wis eS Ed CET de 


Lei warps: 
TESS TREE TIE 


eee 3/056/61/041/004/014/019 
Theory of plasma diffusion in... B111/B112 


ee 2 
: where De « ae ~ /ne fo, and 


Bes to nfetee | > |# md (w— rr) (31) 
Fale) = "8 aah HTT =e Bd jeter x 


————eee 


and mM 
Pt (w) = a4 dt et sin (st + pm sin Mt) x es 
o 
a na 2 ut 
x exp(— 55 iis os Mi cth 298. sint =), 


The general “Formulas are eel for | — 1, a, 5 1/8; where Rev We 
", 
2 (2m) (_£Y ft ALY g-# tnfat (x) +5" (x) dx— 
Dy. = =( ir) (7) net {In-334 DeCie? Vu ( 


Peleg te es} 
ae oO - os 


holds theoretically for D,. x? where C = O. 577. However, the true 
expression is 
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2. , gem \/2 . ( ee )P- 4, ry ae e 
Di Ce) (Se yon ne 1n(0.55 ay/% + pot een 
>a, R (a, _ gharacteristic cut-off momentum) is given by 
Bf [2 3/2 1 
d= eo 1n(a,8) + 4% in ( =e) IM fr: The only difference between 


xx ~ 3 
and /¢ 


acR 
this expression and that of S. T, Belyayev (Ref. 15: Fizika plazmy i 
problema upraviyayemykh termoyadernykh eaktsiy, 2» Iza. AN SSSR, 1958, 
str. 66) is that dp ig replaced by KT/c*. This might mean that the small 


size of the Born parameter is only necessary for collisions with large 
momentum transfer, whereas in the case of small momentum transfers the 
contribution does not depend on - whether or not Born approximation is 
applied. The authors thank V. I. Ferel'. V. G. Skobov (Ref. 122 ZnETF , 
37, 1457, 19595 38, 1304, 1960), L. D. Landau (Ref. 1: ZhETF, 1, 2035 
1937) and O. y. Konstantinov, v. I. Perel’ (Ref. 23 ZheTF, 39> g61, 1960) 
are mentioned. Tiere are 10 figures and 15 referencest 41 Soviet and 

4 non-Soviet- The three most recent references to English-language 
publications read as follows: H. Brooks, Phys. Rev.» 83, 879, 1951- 
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I4, yyy (1072, 197, N64) 
AUTHORS : Gurevich, V. bes Darkin, A. Ie and Firsov, Yue A. d 
TITLE: Possibility of semiconductor superconductivity 


PERIODICAL: Fizika tverdogo tela, v- 4, no. ty 1962, 185 - 190 


TEXT: The authors discuss the possibility of a transition of a semi- 
conductor into the superconducting state. Such & transition is found to 
be impossible in nonpolar semiconductors at a carrier concentration | 


n aio’? since due to the low electron state density near the Fermi surface 
phonon attraction between the electrons is weaker than their Coulomb 
repulsion. fransition in polar, nonpiezoelectric semiconductors is 
possible only if the Fermi energy is much higher than the Limit frequencks 
of the longitudinal optical vibrations. The authors obtained conditions 

for bringing about this transition which are the more favorable the more 
strongly the electron and lattice vibrations are coupled. These 

conditions are defined for InSb-type piezoelectric semiconductors with a y 
nonpiezoelectric semiconductor being considered first. The results hold va 
both f 5) conduction electrons and donors, and for holes und acceptors. 
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The authors mention Abrikosov who studied the superconductivity of metals 
with high electron gas density, and NW. N. Bogolyubov et al. who made 
calculations for metals (Novyy metod v teorii sverkhprovedimosti, izd. 

AN SSSR, 1958). The authors first consider a model with isotropic 
etfective mass. They derive an equetion for calculating the eneréy gap 


2 : ‘ 3 d (he) 

Sp oe AY _ to %) A (ws) do ] ra 

A@)=— = inne fe =) Tn ea: ee (12) ‘y 

8 op yy. (13). o 

2=Ghepeg Met’ 

v= electron velocity at Fermi surface, Has “Q * dielectric constants, 

F wos 

Ss = (p- op) vos oe Me frequency of longitudinal optical phonons, . -Fermi 


energy. For other denotations c.f. G. M. Eliashberés ThETF, 385 966, 
° 4960. It can pe seen that the maximum gap width corresnonds to the minimum 
velocity at the Fermi surface, i. e., to the maximum effective mass. 
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These formulas obtained for the model with isotropic effective mass 
also heid for the anisctropic case up to and including one numerical 
factor under the natural logarithm. In piezoelectric semiconductors 
the attractive force between the electrons contributes to the exchange 
of piezoacoustic phonons. Superconductivity can be the most favorably 
studied in those polar semiconductors in which the electrons in the 
conduction band are sufficiently concentrated and in which they are 
strongly coupled with the lattice vibrations. There are 1 figure and 4 
references: 3 Soviet and 1 non-Soviet. The reference to the English- 


language publication reads as follows: J. Bardeen, L. Cooper, J. 
Schrieffer, Phys. Rev., 108, 1175, 1957. 


ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of 
Semiconductors AS USSR, Leningrad) 


SUBMITTED : July 24, 1961 
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AUTHOKS : _Gurevichs—+—las und Firsov, Yu. A- 
“N 
TULLE: Theory of the entrainment of electrons by phonons in semi- 
conductors of the rhombohedral system 
PERIODICAL: Fizika tverdogo tela, v- 4, no- 2, 1962, 930-537 
TEXT: When phonons of non-equilibrium distribution (due to a bempera ture 
gradient), collide with conduction electrona, the resulting electron [low 
causes a current. This etfect of electron entrainment by phonons was 
first investigated by L. E. Gurevich (ZhETF, 165 193, 1946), and the 
e theoretical considerations 


theory has been developed by CG. Herring. 
of the present paper 
Timchenko‘and S. 5- shalyt (FIT, 
of magnitude and the temperature 
determined for various direction 
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relate to the experiments carriad out 
1961) with p-type telluriun. 
dependence of the thermo-emf are 

s of temperature gradient to the cr 


The carrier concentration is ussumed to be so 


py I. Ne 

The order 
ystal 
low that the effect 


axis. 

of the electrons on the non-equilibrium phonons is negligible. The 

problem consists of two parts: 1) Solution of the kinebic equation for v4 
if\ 
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the phonons which gives the non-equilibrium addition to th- phat 
distribution function; 2) Solution of the electron kinetic equatiuk , 

» "force" proportional to this addition acts upon the election. Jt 1s 
shown that if the jsoenergetic surface of the carriers is in crystel 
symmetsy » the estimate gives almost the same as would result frow the 
isotropic spectrum. The hole spectruin of tellurium has these properties 
and consists; a9 L. I. Korovin and {u. A. pirsov (ZhTF, 285 41, 2417, 
1958) have shown, of one or two ellipsoids of revolution With centerd vi 
the third order axis. ‘The main role in the entrainment is that of the 
acoustic phonons of the branch with maximum frequency w()- For a 
rhombohedral crystal of class D; and TK, the relaxation time of 


longitudinal phonons contacting the vibrational branches is given by 


a =f, o2(%)- (3a) Xk 
a= (“r) "(Fae 
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and when Lhey join it, 


7). (14). 
Lr ooe(2), a= Bar: 


ee Seat. a - lattice 
al unit cell, 2 
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hold. « yy ia the component of the conductivity tensor, “yy is given by 


~ neE 


‘ies ary |Cag sin? 0g_(9, 9)+(q). (5): 


n the electron concentration, Ey is the iv 
ve 

constant of the deforte tion potential. some of the othet characteris- 

tics of the phonon spectsum are also discussed. 58- gs, Shalyt and I. N. 

Pimchenko are thanked for discussions. Lb. D- Landau and Ye. NM. 

Lifshits (ide kicanika sploshnyki: ured - Continuum mechanics - GITIL , 195) 

are mentioned. here ave 2 figures and 12 references: 9 Soviet ana 3 non- 

Soviet. ‘The three references to English-language publications read as 

follows: C. Herring. Phys. Rev. 


95, 9541 19945 96, 1163, 1954; H. J. Fan; 
R. S. Caldwell. Phys. Rev. 94, 1427, 19545 Reports on Progress in Phys. 
KIK, 107, 1956. 


igs the crystal density and 
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PLELn: The theory of sound absorption in piezoelectrics 
PERTODICAL: Bigize tverdogo te-a, V- 4, no. 4; 4962, G09 - 217 
mpyg: fhe absorption of sound in piezoelectric 6 semiconductars, cnused by 
interaction between she electric fields resu ilting fron the, propagation of 
sound and the carri iers was investignted- Tre velocity of sound in & iy 
piezoelectric cubic crystal alonr & third order axis is described with the ‘ 
three elastic moduli and the piezoel ctric tensor whicen in this cese is a : 
plain scaler factor. At low acoustic frequencies, absorption is pro~ 

portional to the square of the acoustic frequency and inversely propor rtional 

to the crystal con nductiviry. ita “ro increase in acoustic Trequency 
absorption pesses tnrough a maxiaum. Me deformation absorption in @ 

cubic erystal is cos wpared with she gosorption examined nere. In the case 

of a nondegenerate band, the defo ruetion ebsorption is small as compared with 
piezoelectric ebsorption. In cases of complex bands and in intrinsic 
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ease is independent of H, 
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is examined. 
fect is easier to observe than absorp- 
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tion of are 


sion coefficient see wit! 
is the Larmor frequency, 


tne lattice ebsorption in this 


velocity of sound cen te studied from 


induction absorption of sound 
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AUTHORS: Gurevicn, V. L., Lang, I. G., and Firsov, Yu. 4. 
—_—_—_—_—_— 
SLPGEs The role of optical phonons in infrerel absorztion by free 


carriers in semiconductors 


FSiiODICAL: Fizika tverdogo tela, +. 4, no. 5, 1962, 1252-1262 


TEAT: This is a-study of infrared absorption by free carriers in 
sericonducting cubic crystals. The damping (caused by the anharmonic 
lattice forces) of the optical vibrations (yew) does not depend on 
electron concentration. In the case of weak interaction between 
electrons and optical vibrations, the dielectric constant 


E(w) = 25+ @, (w) consists of the lattice part & and the electron part 
Ew4nioW) usa, (w)+io, w). For WtX:, ¢ is virtually independent of w 
and ‘equal to its statistical value. © is the characteristic relaxation 


time. a, (v)=-4nne*/moF holds in the case of a square-law isotropic 


dispersion. The expressions 
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by 


unetion of first order. In the limiting cases where Fo- an) [xP >1, 
the - {fer KA, ‘and Rwy -»)p kf at sufficiently low temperatures, Eq. 


(17) assumes the forms 


2nera ve */, ( oie op \ ", : 
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_ + rer ee ee ‘ 
respectively. Re o(.) increases rapidly at Feorton eles fe sy [tes : 
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heceuse of the threshold production of optical phonons. The dissipation 
£ energy described by Re (wv) is ccused dy second- order effects. if 
\ 


IG) _ 4) 


(Ce aces 


nuts: ane 


nee one J 
For taker y the experimental sep ouasl ol coefficient increases with 


(22). 


rs 


+ + . + chien 
freauency. For fi: fey 1 ; absorption decreases exponentially with 


Pca 


5 : se Re: 
decreasing temperature. in the case oi Fermi statistics at T=0, 


Reem sie ae) ECF). (25) 
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ee f 
f(x)=2(VI-F x — VI— x) +x (Vix +I —x)— rae - ; 


ay, (0 $= 0+ $) 1] 


oe eae 


(ups Ox <1) | 


(25) 
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: -j : 9 XN 
is td wher Ly. Jen 4. Elo - eo. i/eny “fom ykM@. vy. igs the Fermi 
is valid when do, [ery 1, fw to, {/SB)) 4 and p,/2n) kD. Pp is the Ferm 


momentum. There are 4 figures. The most important English-language 


veforence is: R. Newman. Phys. Rev., 111, 1516, 1958. 
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AUTHOR: curevich, V. be. 
TITLE: Avalanche production of excitons in semiconductors 


PERIODICAL: Fizika tverdogo tela, Ve 4, NO« 5y 1962, 1380-1362 


gant; Exeivor production in a strong electric field is investigated t 
theoretically: tf the phase velocity of the excitons is gmaller than the 

arirt velocity of the electrons, the electronic contribution Ye to the 

damping constant 7 can become negative. If in this case lvel exceeds the 
lattice contribution ty to the damping constant, vhe amplitude of an 


exciton wave will gzrov exponentially instead of being damped. This effec 
has been theoretically predicted for one type of exciton - the acoustic 
vibrations in piezoelectrics, by Hutson and co-workers (Phys. Rev. Lett., 
7 P9019 237), but it should exist for all types of lattice excitons whose 
anergy end quasi-momentum are not too large compared with the average 
values of the corresponding electronic quantities. fhe special case of 
ngitudinel excitons is treated where the mean free path 1 and the mean 
eree time + of one type of current carrier satisfy the conditions ql <1, 
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<1. 3 and q are frequency and wave number resp. of the exciton waves. 
ices a direct observation of the avalanche production it may be possible a 
ont 


confira the erfect indirectly by observing the émitted electromagnetic 
radiation. Even if the cond? eon y= 1%, + ¥1,< 0 is not satisfied, a 


recuction in the absorption coef fficient for electeoucsneiie waves may 
become observable. Such a reduction may also be useful for the observation 
ef other effects, which under normal conditions are masked by strong 
absorption. 

Institut poluprovodnikov. AN ‘sssr, Leningrad (Semiconductor 
institute of the AS USSR. ‘Teritpyrad) 
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AUTHOR: Gurevich, Ve Le. 
TITLE: Current fluctuations in semiconductors near the non-equi- 
librium steady state : 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 43, 
no. 5(11), 1962, 1771 - 1781 


TEXT: The author considers the electron gas in the conduction band of a 
semiconductor to which a strong stationary electrical field & is applied. 
The electron gas is characterized by the single-particle distribution 


par '—> ‘ — A-. -3) 
function F that obeys the kinetic equation elEt| Fie Fos -SF. Here p, 


e, V are the electron quasimomentum, charge and eereaity and 3 is the 
collision operator, which, as Fermi degeneracy is neglected, is a linear 
one. The electrons will transfer their energy obtained from the field to 
‘scatterers (e.g. phonons) whose state is assumed as quasisteady. Then the 
above equation will have a time-independent solution; if the stationary 
distribution F is known, the mean current density J a nonlinear function 
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E ) J wi tuate: 
of E, can ve found. a any moment of time t, F and also J ie fluc : 
PF, + oF (+) and Fe FebT and the correlators 85, (r,t4t) 65, (F yt) wi 


differ from zero. The bar denotes averaging over t. ‘Since spatial correla- 
tions of current fluctuations are neglected 


GET the) ~ ot 1). ‘a 
as; c Tt) = O17 (4) Oda 8 (6 — 8°); P 
BJ, (x) OJk = \ (80; 8J,)ue* do. 
_ 
(Mi i)u = pr \ del; (4) Ole (2a) 
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The steady state is assumed as stable, so 85, (6d, +0 for great + and (2a) 


converges. The aim is now to derive a kinctic equation for erosyone the 
current fluctuations near the steady state: 


lox} (o) +e (E+ 4 t ivitt) 2 2h (o) oo 
+ DSw tr) = LF - (6) 
é 


ue 


where Sap! are the matrix elements of the collision operator, and 


ah (wo) = = \ dre! SF, (t) ay. (5). 
if P<, : 
—ioyg-+e(E+ + Wwalont d > Sw th = SFr. (9) 
(4 Oude = De Dilek 4, (o) + ef %»(—o)] (11) 
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follow. The diagonal elements of this tensor are 


2 Pe CED 
(655). = de Re. vat (w). (11a), 
For a variable electrical field E* 0 ER it 
._k dite gk - k aF 
-iw +e(Ck +—vHi = ee> § -e— 12 
8, ( at dp p tl pp 8p: SP, ( ) 


, 8 . A. . oxyi,k : P 
where jy Aak and AL 2ev 8, (w) In this way also fluctuations of 


other parameters can be considered... These fundamental formulas are now 
applied to investigating the current fluctuations in atomic semiconductors 


with strong EB llz and He0, the electron and phonon dispersion laws being 
ep /2a and aye. From (9) 
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— iwyt + eB 3. 1h + F Llealt x 


x (1h (Nq + 1) 8 (@p—-ng — &p + fitag) -+ 15 Neb (ppnq — ‘ep — hitag) — 
= to—ngVq 8 (&p-nq — © + fiag) — thang (Nq + 1) 8 (eptng — &p — A@q)} = 


= cup /2n. (14) 
| cq |? = Eyig/2V pw, - (15) a 
V 
follows and 
= iwy* + = yk = = oa of (2p) -- cvs 5, or, . (22) 


with y“(B)epy*/p or 
— wx (e) ( dpd (e — ey) + cE (dpd(e— Ep) er = 
= | @pd(e — 05) Sx* (ey) + 3 | dtpdle — ep)us/i0)- (23) 
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\ d9p8(e — ep) = 4x V3 mie’, (24) 
oe Aga ' 
seq | dp (e — e) vpf(p) = — “EM Foie). (25) . 


ot 


from which finally 
2 \Ys . d dx* 
—ior(2)’ xt (e) + ee (e a) + 


+f t[e(w4 7) | ee ot Ne Fe). 0 


= (T/2V 2 mw?) Lmlee)". - 


results. Ey is the deformation potential and vs is put equal 1. The 
results are now applied to the frequency ranges O71 and oti. In the 
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first range oF ye'/2, In the second case (858). and (842) are aieoael(? 


but with different proportionality factors, If, in addition, /ve~ 1, then 
SFE? se The spectral densities of the current fluctuations parallel 


to E show a considerable dispersion even in the rf range the transverse ne 
fluctuations show no dispersion at low frequencies, : 


\ . 
ASSOCIATION: Institut poluprovodnikov Akademii nauk SSSR (Institute of 
Semiconductors of the Academy of Sciences USSR) 


SUBMITTED; May 22, 1962 
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report submitted for the Conference on Solid State Theory, held in Moscow, 
December 2-12, 1963, sponsored by the Sovist Academy of Sciences. 
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= w/jky w the sonic phase velocity. ne 
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PERT s piezoelectric semiconductors in: 
ie - ptrengtt exceeds a critical value (By 


and |v the carrier mobility) become: inatan 
‘ waves propagated along E. For large crys 
factors, the amplitudes of the sonic waves may play the role of non-linear = 
effects, thus stopping further amplification. Thesa effacts are cal. culated — 


| for the case of weak eee (odu/at <1). From the equations | af | 
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: scoiay approximation, the or tettss to the phase paroere ‘is: ‘obtained: 
: 2xpt oe (te eta? 4gh 


pee 27? waar (9) and the phase Mees ‘in harmonic. ape 


me V/F0- EGE) | (10). @ to tne " 


- ' > density of the orystal, oc end 8 are the. ‘'elactio and ten ocleatria modulus’ ng 
c., Wds the displacement vector, ¥ is the displacement amplitude, “a9/ax is |: 
Sik the periodic ee of the electric field, n' is the surplus. carrier concentra- 
“tion, ns a, + n! cays no » the symbol <--> denotes averaging over all. wave-~ 
lengths. Thus the wave re will ie limited by ‘the bondition ] 
- Sw » O and is/ proportional to Ape 7 Hye 4 ere, i 4 
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AUTHOR: -Gurevich, V. L.3 Efros, Es Ae 


TITLE: On the theory of the acoustoelectric effect _ 9) 


fal pS 
SOURCE: Zhurnel eksper, 1 teor. fiziki, v. 44, no. 6, 1963, 2131-2141 


TOPIC TAGS: sound absorption, conductor, semiconductor, seousdtotlectric 
effect , 


ABSTRACT: A theoretical study is made of the acoustoelectric effect, which | —~ i 
consists in the occurrence of direct current under the influence of a traveling — 
sound wave propagating in a conductor, with the aim of constructing a phencment~ i 
logical theory which would be valid in the limiting cese of low sound frequencies, | 


rf 


In this theory the effect is regarded as being of second order in the deformation. 
The frequency dependence of the effect and its tensor chavecteristics are . : 
derived. The concepts of even and odd acoustoelectric effects are introduced, 
depending on whether the sign of the direct current remains the some or reverses 
when the direction of sound wave propagation is reversed. It is shown that the 
even effect can exist only in crystels without Symmetry centers, The geneal 
considerations are illustrated with several examples, such as b, plezoelectric 
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s1 @xternal conditions, from which a theory is developed and used to 
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ABSTRACT: A Demiconaucter with carriers of only one polarity (as~ 
| sumed for concreteness to be electrons). is considered and the case ~~ 
_when lattice absorption in sound is negligibly small is analyzed a 
qualitatively|.' The method of iteration is used to investigate the |: 
. stationary modes and. the:--stability of the corresponding waves against 
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